T he vertebrate lens is a transparent tissue whose anterior surface is covered by a monolayer of epithelial cells, with the rest of the lens being composed of fiber cells that are derived from the differentiation of the epithelial cells at the equatorial region. Lens fiber cell morphology, cytoskeletal organization, migration, membrane remodeling, and intercellular adhesions are some of the key determinants of lens shape, polarity, distinct architecture, and ultimately optical properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] Dynamic regulation of actin cytoskeletal organization and cell adhesive interactions plays a pivotal role in various cellular processes, 10 -12 and perturbation in cytoskeletal organization can compromise lens transparency and induce cataract formation. 5, [13] [14] [15] Since cytoskeletal proteins provide not only structural integrity to most tissues, but also play a crucial role in intracellular signal transduction and regulation of myriad cellular processes, 11, 12 identifying the regulatory mechanisms involved in cytoskeletal reorganization and cell adhesive interactions in the lens tissue is critical for understanding lens differentiation, polarity, growth, and function.
Various cytoskeletal signaling proteins have been shown to regulate lens growth and maintenance of lens transparency. Recent studies have implicated the involvement of Rho GTPases, Src-kinase, focal adhesion kinase, Wnt, abl-kinase interactor proteins, integrins, Cdk-5, PDZ domain protein, and protein kinase C in regulation of lens cytoskeletal organization and cell adhesions, and impaired activity of some of these signaling molecules has been demonstrated to affect lens development and function. 5, [15] [16] [17] [18] [19] [20] [21] [22] [23] Growth factors that regulate lens development and differentiation have been shown to stimulate Rho GTPase activation, actin cytoskeletal reorganization, and formation of cell adhesions in lens epithelial cells. 24 Moreover, inactivation of Rho GTPase activity and disruption of actomyosin interaction has been shown to cause deleterious effects on lens growth and function. 15, 25, 26 Although the cellular cytoskeleton constitutes one of the primary targets of the Rho GTPases, these signaling proteins also influence several other cellular processes in a cytoskeleton-dependent or -independent manner. For example, Rho GTPase regulates gene expression and cell cycle progression by controlling the transcriptional activity of serum response factor and NF-KB and activities of ERK, p38, and JNK kinases. 27 Impaired activity of Rho GTPases causes microphthalmic eyes in mice. 15, 25 Therefore, to better understand the broader role of Rho GTPases in lens growth and function, we initially evaluated their influence on the lens gene expression profile. For this, we used lenses derived from the RhoGDI␣ overexpressing transgenic mice. RNA extracted from these lenses was subjected to cDNA microarray analysis. In this study, we focused on a single differentially expressed gene that showed a marked and consistent downregulation in this mouse model, and encoded ponsin, a cell adhesion interacting signaling adaptor protein. 28 Ponsin has also been identified as a c-cbl-associated protein (CAP). c-cbl, a well-characterized proto-oncogene with multiple activities binds to CAP/ponsin, and this binding event has been shown to influence insulin-induced Glut4 (glucose transporter) membrane translocation, ubiquitination, c-abl degradation, and growth factor signaling. 29 -32 Of importance, CAP/ ponsin which belongs to the vinexin family (ponsin/ArgBP2/ vinexin) of adaptor proteins, contains three tandem Srchomology (SH3) domains at the C-terminal and a sorbin domain at the N-terminal, and has been shown to interact with a variety of signaling molecules to regulate cell adhesion, cytoskeletal reorganization, membrane trafficking, and signaling. 30, 33, 34 In addition, in this study we determined ponsin distribution in lens tissue and in lens epithelial cells because expression of ponsin was not only downregulated markedly in the Rho GTPase-targeted lenses, but one of the ponsin isoforms was also found to be abundantly expressed in the normal mouse lens. Further, we examined the interrelationship between the expression of ponsin and Rho GTPase-regulated actin cytoskeletal integrity. To our knowledge this is the first report on lens ponsin, its high level of expression in the lens, localization to the focal adhesions, and marked downregulation in Rho GTPase-targeted lenses. Taken collectively, these data indicate a potential essential role for ponsin in lens fiber cell migration, adhesive interactions, and polarity and in maintenance of lens transparency.
MATERIALS AND METHODS

Mice
In this study, we used a well-characterized transgenic mouse model originally developed and characterized in our laboratory. The transgenic mice overexpress the Rho GDP dissociation inhibitor, RhoGDI␣, in a lens-specific manner under the control of a ␦1-enhancer/␣A-crystallin (␦enh/␣A) fusion promoter used to drive expression of a bovine RhoGDI␣ transgene in lens epithelium and fibers. 25 The background of this mouse strain was C57/BL6. PCR-based genotyping was performed with tail DNA, to select the Rho GDI␣ transgenic mice. Both male and female mice (1 week old) were used. Albino FVB strain transgenic mice expressing the Rho GTPase inactivator C3 exoenzyme in a lens-specific manner and generated previously in our laboratory 15 were also used. All animal procedures were conducted in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research in an approved Duke University institutional animal protocol.
cDNA Microarray Analysis
P7 lenses were collected from the Rho GDI transgenic and wild-type mice and stored individually in RNA preservative (RNAlater; Ambion, Austin TX), until further processing. Enough tissue was collected to enable the extraction of at least 1 to 2 g of total RNA from the pooled RhoGDI transgenic (Tg) and wild-type (WT) littermate lenses. After genotyping, WT and Tg lenses were pooled and total RNA extracted (RNeasy Micro Kit; Qiagen Inc., Valencia, CA). The quality and concentration of RNA were determined (Nanodrop chip and Bioanalyzer; Agilent Technologies, Santa Clara, CA). One microgram of total RNA was amplified and gene-expression data were obtained. All steps involved in RNA processing, probe preparation, microarray hybridization, and data processing were based on MIAME (Minimal Information about a Microarray Experiment), the guidelines established by the Microarray Gene Expression Data Society, and the analysis were performed at the Duke University Genome Analysis Core facility. Spotted Oligonucleotide arrays were printed at the Duke Microarray Facility (Operon Mouse Genome Oligo Set ver. 4.0; Operon, Huntsville, AL), which includes 31,834 gene transcripts (optimized 70mers). A commercial software program (GeneSpring GX, ver. 7.3; Agilent Technologies) was used to perform data analysis. Based on duplicate analyses of each condition, the threshold of a twofold change in expression relative to control was considered significant.
Real-Time Quantitative PCR and RT-PCR
Real-time quantification of ponsin mRNA splice variants in WT and RhoGDI Tg lenses was performed with a detection system (iCycler iQ; Bio-Rad, Philadelphia, PA), as described earlier by us. 35 To determine the expression profile of ponsin isoforms in mouse lens tissue, we performed RT-PCR (reverse transcriptase-polymerase chain reaction) analysis of total RNA extracted from the mouse lenses. The following four mouse-specific ponsin primer sets were used in RT-PCR reactions: CAP/ponsin (GenBank accession no. AF078666; http://www.ncbi. nlm.nih.gov/Genbank; provided in the public domain by National Center for Biotechnology Information, Bethesda, MD): 5Ј-GAT CCT GCC TCA GAG AGA AGA GCG-3Ј and 5Ј-GGG CTG GAC TTG AGT GAG GAA GAG-3Ј; CAP/ponsin (accession no. U58883): 5Ј-TAA AGC TGT GGT GAA TGG CTT GGC-3Ј and 5Ј-ACA CTT CTA TAG CCC TTG GCA GCA-3Ј; CAP/ponsin (coiled coiled domain): 5Ј-TGG GCT CAA GCG ACT TTC-3Ј and 5Ј-CAG TTC TGG TCA ATC TGT CTG TAG-3Ј; CAP/ponsin (proline-rich region): 5Ј-CCG TCT GAG GTA ATA GTT GTT CC-3Ј and 5Ј-GAG CAC AAT GGT AGG GTT GAC G-3Ј.
Where necessary, minus RT controls were included in RT-PCR analysis. The PCR products were sequenced to confirm identity of mouse ponsin isoforms.
Cell Culture
Mouse lens epithelial cells were isolated from the lens capsules derived from 1-month-old C57/B6 strain animals by collagenase IV digestion, as described earlier by us. 36 Third-and fourth-passage cells were cultured at 37°C under 5% CO 2 , in Dulbecco's modified Eagle's medium (DMEM) containing 20% fetal bovine serum (FBS) and penicillin (100 U/mL)-streptomycin (100 g/mL)-glutamine (292 g/mL). Cells cultured in 1% serum were treated with Rho kinase inhibitor Y-27632 (20 M) and latrunculin B (100 nM) for 24 hours to determine their effects on ponsin expression. Third-and fourth-passage cells were used in the study.
Transfections
Plasmids expressing the GFP tagged-CAP/ponsin or GFP alone (subcloned CAP cDNA into eGFP-C1 vector; BD Biosciences, San Jose, CA) were provided by Alan Saltiel (Department of Internal Medicine, University of Michigan, Ann Arbor, MI). These plasmids were isolated and purified in a standard protocol with a plasmid-isolation kit (Qiagen). Mouse lens epithelial cells (1 ϫ 10 5 ) were transfected by electroporation (Nucleofector device and nucleofection reagents; Amaxa Inc., Gaithersburg, MD), according to the manufacturer's instructions. Electroporated cells were cultured on gelatin-coated glass coverslips.
Well-characterized replication-defective recombinant adenoviral vectors (Adtrack-CMV vectors) encoding either enhanced green fluorescent protein (GFP) alone or GFP and constitutively active mutant RhoAV14 (Gly143 Val) were provided by Patrick J. Casey (Department of Pharmacology and Cancer Biology, Duke University School of Medicine). Viral vectors were amplified by using HEK293 cells and were purified (Adeno-X Virus purification kit; BD Biosciences), as we describe elsewhere. 35 Primary mouse lens epithelial cells cultured to 80% confluence either on gelatin-coated glass coverslips or in plastic Petri plates were infected with adenoviral vectors expressing either GFP alone or RhoAV14 and GFP at 30 MOI (multiplicity of infection). The expression of GFP was evaluated by recording the green fluorescence with a phase-contrast microscope (model AX10; Carl Zeiss Meditec, Inc., Dublin, CA) equipped with a fluorescent light source.
Immunofluorescence
Lens epithelial cells grown on gelatin-coated glass coverslips were fixed for immunofluorescence analysis of ponsin distribution, actin cytoskeletal organization, and focal adhesions, as described previously. 36 Actin was stained with rhodamine-phalloidin (Sigma-Aldrich, St. Louis, MO), whereas focal adhesions and ponsin were stained with primary antibodies raised against vinculin (Sigma-Aldrich) and ponsin (Upstate Biotechnology, Lake Placid, NY) respectively, in conjunction with the use of Alexa Flour 488 -or 594-conjugated secondary antibodies (Life Technologies-Molecular Probes, Eugene, OR). Representative micrographs were recorded by confocal microscope (Eclipse 90i; Nikon, Tokyo, Japan). Lens epithelial cells treated with Y-27632 (20 M) and latrunculin B (100 nM) for 2 hours were immunostained for ponsin, as described earlier.
Cryostat sections derived from neonatal mouse lenses (7 m, sagittal planes) were air dried and immunostained with polyclonal anti- 
Immunoblot Analysis
Lens epithelial and fiber cell total, soluble, Triton-soluble, and Tritoninsoluble fractions were prepared as we described earlier 37 and subjected to analysis by SDS-PAGE. Equal amounts of lens protein (40 g) were separated on 10% acrylamide gels, followed by electrophoretic transfer to nitrocellulose membrane. The membranes were blocked with 3% milk protein and then incubated with ponsin polyclonal antibody against the intact human protein sequence (Upstate Biotechnology). Immunoblots were developed by enhanced chemiluminescence (ECL). Similarly, lens-soluble and -insoluble fractions derived from the Rho GDI and C3-exoenzyme transgenic mice were examined for changes in ponsin protein levels by immunoblot analysis.
Cell pellets obtained from RhoAV14-transfected or Y-27632 or latrunculin B-treated lens epithelial cells were suspended in cell lysis buffer containing 20 mM Tris (pH 7.4), 0.5 mM sodium orthovanadate, 0.2 mM EDTA, 10 mM PMSF, 0.1 M NaCl, 50 mM NaF, 25 g/mL each of aprotinin and leupeptin, and 1 M okadaic acid. Cell lysates were briefly sonicated and precleared of nuclear debris (800g for 10 minutes at 4°C), and protein content was measured by using a protein-detection reagent (Bio-Rad). Immunoblot analysis was performed in these lysates as described earlier, to determine the changes in the ponsin protein levels in the RhoAV14-expressing and Y-27632-and latrunculin B-treated cells.
RESULTS
Downregulation of Expression of the Cell Adhesion-Associated Adaptor Protein Ponsin in the Rho GTPase Target Mouse Lenses
To better understand the morphologic and developmental defects exhibited by the ocular lens in transgenic mice overexpressing the Rho GDP dissociation inhibitor RhoGDI␣, we evaluated differential gene expression profiles by cDNA microarray analysis, using spotted arrays containing Ϸ32,000 individual gene transcripts. Lenses from the RhoGDI␣-overexpressing mice (7 days old) revealed a marked and consistent downregulation (2-to 12-fold) of the expression of multiple splice variants of CAP/ponsin, an adaptor protein involved in actin cytoskeletal organization, trafficking, and growth factor signaling (Table 1) . Among the four different splice variants that were downregulated, the expression of ponsin-2 (AF078666) was maximally affected in the Rho GDI transgenic mouse lenses. cDNA microarray analysis of two independent RNA samples derived from pooled lenses (8 -10 lenses per sample) of the Rho GDI transgenic mice exhibited similar results, as shown in Table 1 . The downregulated expression of ponsin splice variants in the Rho GDI␣ transgenic mouse lenses was further confirmed by semiquantitative and quantitative PCR analyses as shown in Figures 1A and 1B , respectively. Two different ponsin-specific oligonucleotide primer sets were used in the semiquantitative and quantitative PCR analyses, and these primer sets amplified multiple ponsin-specific DNA fragments confirmed by direct sequencing analysis. Whereas expression of some ponsin variants was markedly decreased, others were found to be unaltered or even exhibited a compensatory response (Fig. 1A , bottom band with primer set 1). So far, more than 10 different ponsin splice variants have been documented to be expressed in different tissues. 38 We also determined ponsin protein levels in the Rho GDI transgenic lenses and in the Rho GTPase inactivated C3 exoenzyme expressing transgenic lenses (P7; 10 lenses were pooled per sample) by immunoblot analysis. Both the RhoGDI and C3-exoenzyme-expressing transgenic lenses revealed a substantial decrease in different isoforms of ponsin protein in the insoluble fractions, relative to the WT lenses (Fig. 1C) . Of interest, in Rho GTPase inactivated lenses, the levels of many of the ponsin isoforms were found to be substantially decreased compared with Rho GDI transgenic lenses, in which the 90-kDa ponsin was the main isoform whose expression was found to be decreased markedly (Fig. 1C) .
Abundant Expression of Ponsin in Mouse Lens Tissue
The basal level of expression of one of the splice variants of ponsin (U58883) was found to be relatively abundant in normal mouse lenses, representing one of 60 most highly expressed genes out of a total of Ϸ26,000 genes that showed a detectable positive expression signal in the cDNA microarray analysis (Tables 2 and 3 ). On a relative basis, the copy number of transcripts of the ponsin slice variant U58883 (Ϸ27,000) in the mouse lens was found to be very close to the copy number of transcripts of vimentin (22,700) spectrin (24, 444) , and MIP26 (28,733) and some of the crystallins (␤B1 and ␤A2) in the same lenses. Although cDNA microarray confirmed expression of five different ponsin splice variants in the P7 mouse lenses (Table 2) , RT-PCR analysis of mouse lens RNA (derived from a 1-day-old mouse) using four different ponsin-specific oligonucleotide primer sets derived from the different regions of the coding sequence and with 30 cycles of PCR amplification confirmed expression of multiple splice variants (Fig. 2) .
Distribution of Ponsin in Mouse Lens
Ponsin was distributed to the epithelium and fibers in the intact mouse lens based on immunofluorescence detection in sagittal cryosections (Fig. 3A) . In lens fibers, ponsin distribution was found to be punctate and localized along the lateral membrane with intense staining at the basal ends of the fiber terminals (Fig. 3A, arrows) . In isolated lens fractions, different isoforms as well as proteolytically cleaved ponsin (molecular weight ranging between 30 and Ͼ150 kDa) were readily detectable in the total and soluble fractions of the lens epithelium. Ponsin-specific immunoreactivity was noted to be much stronger in the lens epithelial total and soluble protein fractions compared to the lens fiber fractions, based on equal protein loading (Fig. 3B) . However, in the Triton-soluble and -insoluble fractions of both the lens epithelium and fiber mass, ponsin-specific immunoreactivity was much stronger than the lens-soluble fractions from both epithelium and fibers (Fig. 3B) . Further, compared to the Triton-soluble fractions of both epithelium and fibers, an additional and distinct ponsin-specific immunopositive protein band of Ն200 kDa was observed in the Triton-insoluble fractions of the lens epithelium and fiber 
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Lens CAP/Ponsin 1771 mass (Fig. 3B) . Overall, most lens ponsin appears to be associated with the cytoskeletal fraction of both epithelium and fiber cells (Fig. 3B ).
Cellular Distribution of Ponsin in the Mouse Lens Epithelial Cells
Ponsin displayed an intense and specific focal distribution at the cell peripheral or leading edges in cultured primary mouse lens epithelial cells (Fig. 4A) . Ponsin immunostaining colocalized with vinculin, and this colocalization was found to be prominent at the cell peripheral adhesion sites (Fig. 4A) . Double-labeling cells for actin filament (phalloidin staining) and ponsin revealed ponsin localization to the tips of the actin stress fibers (Fig. 4B) . Furthermore, expression of GFP-tagged recombinant ponsin in mouse lens epithelial cells also confirmed a distinct pattern of distribution for ponsin to the focal lenses was subjected to immunoblot analysis with a polyclonal antiponsin antibody that reacts with different CAP/ponsin isoforms. In both the Rho GDI␣ transgenic and C3 exoenzyme-overexpressing transgenic lenses, protein levels of ponsin isoforms were found to be markedly decreased compared with wild-type lenses. Compared with Rho GDI␣-transgenic lenses in which the Ͼ90-kDa (arrow) immunopositive band was decreased dramatically, several different ponsin immunopositive protein bands were found to be decreased in addition to the 90-kDa isoform in the C3 transgenic lenses. These results were based on duplicates of pooled lenses.
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adhesions, and of note, induced actin stress fiber formation (Fig. 4C) .
Effects of Rho Signaling on Ponsin Distribution
Expression of constitutively active RhoA (RhoAV14 mutant) in mouse lens epithelial cells in the serum-free condition led to distinct redistribution and clustering of ponsin at the leading edges (Fig. 5 ). This effect of RhoA on ponsin redistribution was not found to be associated with any substantial increase in the ponsin protein levels as tested by immunoblot analysis (data not shown). Conversely, inhibition of Rho kinase (Y-27632, 20 M for 2 hours) and actin depolymerization induced by latrunculin B (100 nM for 2 hours) in mouse lens epithelial cells completely diminished ponsin localization to the focal adhesions (Fig. 6 ) indicating the influence of Rho/Rho kinase signaling and integrity of actin cytoskeletal organization on ponsin interaction with focal adhesions.
Influence of Actin Cytoskeletal Integrity on Ponsin Expression
To obtain further insight into the downregulation of ponsin expression in the Rho GTPase-targeted (both Rho GDI and C3 exoenzyme-expressing) transgenic mice, we determined ponsin protein levels in lens epithelial cells treated either with Rho kinase inhibitor (Y-27632) or with latrunculin B, an actindepolymerizing agent. As expected, lens epithelial cells treated with both the Rho kinase inhibitor (20 M Y-27632 for 24 hours) and latrunculin B (100 nM for 24 hours) showed a dramatic change in cell morphology exhibiting cell-cell detachment and a rounded or filamentous cell shape (Fig. 6A) . Actin filaments stained with rhodamine-phalloidin showed a marked decrease in actin stress fibers (Fig. 6A ). Cells treated with Y-27632 and latrunculin for 24 hours were lysed and extracted, and the soluble and insoluble fractions examined for changes in ponsin protein levels by immunoblot analysis. Ponsin protein levels were found to be dramatically reduced especially in the insoluble fraction derived from both Y-27632 and latrunculin-treated lens epithelial cells (Fig. 6B) , indicating the existence of a potentially close association between actin cytoskeletal integrity and regulation of ponsin expression.
DISCUSSION
Rho GTPases play a critical role(s) in various cellular processes in addition to their well-recognized involvement in actin dynamics, cell adhesion, and cell migration. 11, 12, 27 Based on an observed unique phenotype in mouse lenses overexpressing the negative regulator of Rho GTPase, Rho GDI␣, it is evident that these molecules play a vital role(s) in lens epithelial cell migration, differentiation, and cytoskeletal organization. 25 To seek further insight into the molecular basis for the lens phenotype in these mouse lenses, we evaluated the differential gene expression profile by cDNA microarray analysis. In this study, we report that the expression of multiple splice variants of CAP/ponsin, a cytoskeletal interacting and signaling adaptor protein, was consistently and markedly downregulated in the Rho GTPase-targeted lenses. Moreover, ponsin expression and distribution appeared to be closely regulated by the Rho/Rho kinase-mediated actin cytoskeletal organization in lens epithelial cells. Further, expression of one of the splice variants of CAP/ponsin in normal lens was found to be very abundant and was distributed to the fiber cell basal ends and cell-cell junctions. Collectively, these observations indicate potentially a vital role for ponsin in lens cytoskeletal organization, fiber cell migration and adhesive interactions.
Lens fiber cell polarity, migration and cell-cell interactions have a fundamental role in lens differentiation, growth, and maintenance of function. 5, 39 Therefore, understanding the signaling mechanisms regulating cytoskeletal organization and cell adhesions in the lens is critical. Having found serendipitously that the expression of ponsin is markedly downregulated in the Rho GTPase-targeted lenses, we were keenly interested in exploring a possible role for this protein in lens growth and function, since ponsin is known to regulate various cellular processes such as cytoskeletal organization, cell adhesions, and cell spreading, trafficking, and signaling. 28, 30, 31, 33, 34 Ponsin was originally identified as afadin and vinculin-binding cell adhesion protein, and the same protein was later identified as CAP involved in insulin signaling and Glut4 membrane translocation. 28 -32 CAP/ponsin belongs to the SoHo family of adaptor proteins which include ponsin, vinexin, and ArgBP2, expressed ubiquitously. 30 Each of these proteins contains an N-terminal sorbin homology (SoHo) domain and three C-terminal SH3 domains that bind to diverse signaling molecules involved in a variety of cellular processes. 30, 33, 40 P7 mouse lenses were found to express five different splice variants of CAP/ponsin with expression profiles displaying a 150-fold difference between the less (U58889) and highly (U58883) abun- The gene that showed highest raw expression value was given a serial number of 1 and from there the increasing serial number indicates the descending order of the expression level of any given gene. For example, the least-expressed gene in the sample 1 was 26,081. Higher raw expression levels indicate a higher expression of a particular gene relative to the other CAP/ponsin variants reported in the table. These results were derived from cDNA microarray raw data.
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Lens CAP/Ponsin 1773 dant variants based on the cDNA microarray raw data. Variant 1 (U58883) was found to be one of the 60 most abundantly expressed proteins in the mouse lens, with this group of genes also including the various crystallins, which are the most abundant proteins of the lens. Ponsin-2 (AF078666), whose expression appears to be 10 times lower than that of variant 1, was maximally downregulated in the Rho GTPases targeted lenses. So far more than 10 different splice variants of CAP/ponsin have been documented to be present in different cell types, however, it is not clear whether these multiple variants play either any unique role(s) or exhibit tissue specific distribution. It has been reported that different ponsin variants exhibit distinct binding affinity to the focal adhesions. 30, 38 Of interest, the gene Sh3d5 (AA797294), which was later identified as CAP/ponsin, has been reported to exhibit unique developmental regulation in the mouse lens compared to the other ocular tissues including cornea, iris, and ciliary body, indicating a critical role for this protein in lens development and growth. 41 In addition, in humans, CAP/ponsin is localized to chromosome 10, region q23.3-q24.1, 42 and this same locus has been mapped to bilateral posterior polar cataract. PITX3, a homeobox transcription factor, which is also localized to this region, has been shown to carry a mutation in patients with hereditary posterior polar cataract. 43 However, whether altered CAP/ponsin activity also contributes to the posterior polar cataract in some of the patients is a provocative possibility, 44 since the expression of CAP/ponsin appears to be abundant in the lens tissue. Mutations in the lens-abundant proteins including crystallins, aquaporins, and connexins are commonly associated with various genetic cataracts. 45 CAP/ponsin and its related proteins vinexin and ArgBP2 have been shown to influence cell migration, cell spreading, focal adhesion formation, and actin cytoskeletal organization. 28, 30, 46, 47 Further, ponsin interacts with c-cbl ubiquitin ligase, regulates growth factor signaling, and also regulates ERK and PAK kinase activities. 31, 33, 48 Ponsin has been shown to accumulate in lipid rafts and interact with flotillin. 34 Therefore, to explore the role of ponsin in lens epithelial cell elongation and cytoskeletal organization, we induced overexpression of GFP-fused ponsin. Overexpression of recombinant ponsin con-FIGURE 2. Determination of expression profile of ponsin splice variants in the mouse lens. Four different sequence-specific oligonucleotide primer sets (derived from the different regions of the CAP/ponsin sequence) were used to amplify ponsin-specific DNA fragments by RT-PCR analysis using total RNA derived from 1-dayold mouse lenses. The DNA fragments amplified from 30 PCR cycles are depicted. Sequence specificity was confirmed by direct sequencing. firmed its specific localization to the focal adhesions and induced formation of actin stress fibers but did not influence cell morphology in any unique fashion. A similar effect has been reported in CAP overexpressing fibroblasts where ponsin has been demonstrated to influence cell spreading by regulating ERK kinase activity. 33 On the other hand, overexpression of constitutively active Rho GTPase (RhoAV14) in lens epithelial cells increased ponsin-associated focal adhesions and ponsin clustering at the leading edges of migrating cells, suggesting a role for Rho signaling in ponsin-induced cellular response, with ponsin likely acting downstream of Rho signaling. Although the role of Rho GTPase in regulation of actin stress fiber and focal adhesions formation has been extensively studied, the downstream effectors of Rho GTPase are not yet fully characterized. 11, 27 Furthermore, an inhibitor of Rho kinase dramatically reduced ponsin-associated focal adhesions in the lens epithelial cells, strengthening the case for a potential functional interrelationship between Rho GTPase activity and ponsin.
To obtain further insight into why ponsin expression is downregulated in response to impairment of Rho GTPase activity and also to evaluate whether this response was due to (FITC-phalloidin staining) . Ponsin-, vinculin-, and actin filament-specific staining was recorded individually by confocal microscope, and images were also superimposed to evaluate for colocalization of these three proteins. Ponsin localizes uniquely to the focal adhesions (A) and to the tips of the actin stress fibers (B). (C) The distribution pattern of recombinant ponsin and its effects on cell morphology and actin cytoskeletal organization were determined by transfection of mouse lens primary epithelial cells (by electroporation) with plasmids expressing ponsin-GFP or GFP alone. Serum-starved cells were fixed and examined for changes in actin filament organization and distribution of recombinant ponsin. Recombinant ponsin displayed a focal distribution pattern similar to that of endogenously expressed protein, localizing to the tips of actin stress fibers and to the leading edges of the cell. Further, expression of recombinant ponsin increased actin stress fiber formation compared with GFP-expressing control cells. These results were based on three independent experiments. Lens CAP/Ponsin 1775 altered actin cytoskeletal integrity and cell adhesive interactions, we determined the effects of Rho kinase inhibitor and actin depolymerizing agent, latrunculin on ponsin protein levels in the lens epithelial cells. Ponsin protein levels were markedly diminished in association with decreased actin stress fibers and focal adhesions in lens epithelial cells treated with both Rho kinase inhibitor and latrunculin, indicating the existence of a potential association between the integrity of actin cytoskeleton/cell adhesive interaction and the expression of ponsin. This conclusion was further supported by the decreased levels of ponsin in RhoA inactivated C3 exoenzyme expressing transgenic mouse lenses as well (Fig. 1C) . The Rho GTPase-targeted lenses exhibit abnormal lens fiber cell migration and disrupted actin cytoskeletal organization. 15, 25 Moreover, CAP/ponsin has been suggested to regulate muscle structural integrity by interacting with filamin C. 49 Another interesting feature of the SoHo family of proteins, especially in the case of ArgBP2, is that they are thought to regulate the contractile and elastic activity of sarcomeres. 47 Although accommodation is a critical property of the ocular lens, the contractile properties of lens tissue are poorly understood. One of our recent studies revealed a robust increase in myosin II phosphorylation in differentiating lens fibers and indicated a significance for this event in maintaining lens transparency. 26 Furthermore, ponsin has been shown to be localized to the cell-cell adherens junctions in the different cell types. 28 Since lens fiber cell cortical adherens have been reported to contain both vinculin and N-cadherin, 8 it is likely that ponsin, by interacting with these proteins, regulates lens fiber cell cortical adhesive interactions and potentially participates in lens fiber cell packing and architecture. Therefore, further studies are critical for a thorough understanding of the role(s) of CAP/ ponsin and related adaptor proteins in lens growth, development, and function. 
